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ABSTRACT

Three investigations directly related to light armor for aircraft
are described in this report: the effect of yaw upon penet=ation, the -
effect upon bullets of penetrating very thin Duralumin sheets, and the
use of shielding structures in the form of gretings. Data illustrating
these topics are still in the process of collection. Methods of these :
investigations are, however, described and preliminary results of interest
are shown. :

An effect of yaw upon penetration of about l.4 per cent limit
velocity increase per degree yaw was found for samples of 17 ST Duralumin,
$7S armor plate and hard homogeneous armor. The largest yew effect was
measured using a plate of STS armor hardened to Brinell 370. The smallesy
measured yaw effect was oblained on a sample of 1/4" face-herdened i iclez i
It is shown that apparent differences in plate guality or bullet quality
of 500 feet per second in plate testing may be due to seversl degrees of
yaw of the bullets at impact. '

If srmor is spaced back inside the fuselage of an aireraft, bullets
may tumble before striking the armor due to penetrating a Duralumin '
sheet at large obliquity. The effect of & onielding Durclumin sheeil
=t 60 degrees obliquity and R3 inches separation on the limit of &
typical bullet-proof plate ot normal incidence is shown to be more
then 200 feet per second. There is a gain in weight efficiency even
when the resolved weight of the Duralumin is included with thet of
the armor plate.

The efficiency of 2 light grating used as the first plate of a
divided srmor structure depends considersbly upon design. Oertain
design improvements have been ascertained. On account of the very large
effectiveness of solid shielding plates, it is still uncertein whether
gratings or sollid plztes are betier &s first members of z divided
ermor structure.
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INTRODUCTION

1. Authorization. This problem was authorized by reference {a}
and additional references pertinent to this problem are listed as (b}
through (g}

Reference: {a) BuOrd.ltr. 813-1 (4/173) (Q8) of 13 December 1934

(b} NRL Report Ho. 0-1438.

{e) NRL Report Ho. 0-1439.

{d) NRL Report No. 0~1440,

{¢)} Aberdean Proving Grounds Report No. 42, of 11 November
1936,

(f) BuOrd.ltr. 813-1 (4) (K13, MalR), Light Armor for
Airplanes, of 28 April 1938,

(g) NRL ltr. C-S13 of 15 May 1939.

2. receding Navel Research Laboratory reports, references {(b),
{c), and (d), have shown the general penetration characteristics of
small celiber A.P. bullets as affected by their jackets, the possible
usefulness of light alloys of the Duralumin and Dow metal type for arwor,
and the Increased affectiveness of multiple plate structures when the
plates are seperated. These features of preceding light armor studies
suggested it would be profitable to exumine the effect upon bullets
penetrating the Duralumin matericl used for covering sircraft fuselages.
The resistance to penetration of light zlloys plus tumbling effects
upon bullets passing through & groting, suggested a dividad srmor
structure might be more efficient on a weight busis when the first
plate wes ¢ light grating of Duralumin. The stopping power of matericl
when struck by projectiles with various cmounis of yaw at inpact is
involved in both of these topics for investigetion.

3. This report discusses three factors of importance with
respect to the design of light armor structures: ({a) the effect of
yaw upon penetration; {b) the effect upon bullets of penetrating very
thin Duralumin sheets; {c¢)} the use of shielding structures in the form
of gratings or light plates.

4. Other factors tce be considerea when estiimating necessary
weights of armor for making, say, armored seats of avsileble matericl,
are {a) and {b) of paragreph 3, as waes suggested in refcrence (f).

Se In order to measure the effect of yaw upon penetraiion,
Aberdeen Proving Ground, reference (e), fired caliber 50 A,P. btullets
into 3-inch STS armor plates and measured depth of penetration as well
&5 yaw and velocity. Im addition & 1/4" face-hardened plate was
subjected to impacts by caliber 30 A.P. bulleis with measurcment of yaw
and velocity. The effect of each impact agsinst the face-hardened
arper plate was recorded as complcte or partial, presumebly by the
dberdeen Proving Groundts "light shows through® criterien for

. complete penetrztion. The bullcts were fired £t 100 yards through
Abeérdeen chronograph sereens. Yaw cards werc placed 12 inches in

S
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front of test plates and yaw at impact was deduced upon the asgumption
of negligible rotation. The bullets were sometimes nicked and the
barrels marred to obtain large amounts of yaw.

6. The results of the Aberdeen Proving Ground's tests were
studied at the Naval Research Laboratory. The results obtained by
firing inte 3" thick plates camnot be interpreted in terms of penetration
of smaller thicknegses., The measurements upon face-hardened armor _
indicate with reasonable accuracy about 0.7 per cent increase in limit
velocity per degree yaw. The result was obtained on only one thicimess
of one material and was based upon a different criterion of penetration
then is commonly used &t the Naval Research Laboratory. No msasuremenis
are known of the effect of yaw upon penetration for small caliber 4.P.,
bullets other than thoge mentioned above with the exception of the '
experiments conducted during the year 1938-1939 at the Naval Research
Laboratory.

7. Caliber 30 A.P. bullets were fired at short range and normal
incidence against plates of several different stecls and againgt plates
of Duralumin. A number of inmpacts were made at various amounts of yaw..
By means of & velocity-yaw chart on which pertial and complete penstrs-
tions were distinguished, it was posaible to estimete the average effect
agver the interval from 0° to 15°. For other angles than normal :
obligquity, the effect is expected to depend upon orientation as well gs.
magnitude of yaw. The measurements made, however, give a gatisfactory,
even though rough, estimate of yow cffects expected at small obliguities.

8. In order to determine the effect of passage of bullets :
“through thin Dural such as is often used for covering aircraft fuseleges,
firings were conducted against 0.05" Durcl sheeta set at various angles
of obliquity. A special limit determinction wes made upon a piece of
26" hard bullet-proof armor ot normel incidence shielded by a sheet
of 0.05" Dural at 60° obliquity.

9. A number of trials were made of gratings. In some cases tha
result using a grating was compared directly with the result when the
grating was replaced by an egquivalent weight flat plate of the same
material. There are indications that gratings can be designed which
will tumble bullets more efficiently than do equivelent weight flat
plates. The results are still considered to be indefinite. Purther
experiments with Dural gratings, with STS gratings and thin plates,
and with wire ascreens, are planned.

METHODS

10. Model 1922, caliber 30 A.P. bullets were fired at short
range from a Mann barrel. Velocities at impact were estimated from
Aberdeen chronograph records taken with screens 2 feet and 18 feet
in front of the test plates. The renge used was 42 feet. At this
distance no special devices, such as nicking bullets, were needed
to obtain amounts of yaw from 0° to 10° at impact. To get larger

+ DECLASSIFIED
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:fs ef yaw a piece of fabric board was sometimes placed at an angle
Wb rhe “4rajectory between the chronograph screens.

-ﬁ_._ Sheets of impregnated bakelite 1/32" thick and, at velocities

ahove'"ﬁﬂﬂ feet per second, 1/64" sheets of the same material were used

i - Cards of this material were placed about two inches from.
nt_face of the test plate. From the ¢learly punched cutlines
_yew was measured with an accuracy of * 1/20, The yaw card
re compared directly with the shadow upon a translucent
: The angle
rig of symmetry of the bullet with respect to the beam of light

ullet was turned so as to just £ill the yaw card record was
”prctractor scale graduated in 1/2 degrees.

- Test plates of several thicknesses each of hard homogeneous
. S8T5 armor, mild steel, and 17 8T Duralumin were subjected to

5 by calibér 30 A.F. bullets at normal incidence. Each test plate
jeched to impacts at normal incidence until near limit velocity .
_8Thad ‘been obteined for s number of values of ysw threough
ed “interval.

- Sheats. of 0.05" 24 ST Duralumin were perforated with caliber
“bullets st 100 yards using obliquities of 45°, 60°, and 75°.
the bullets at 20 inches behind the Duralumin was measured. :
Aminary testing of this type was performed with bullets having:
. 3 degrees yaw st impact. Although the measured amounts of yaw
y behind the Durelumin did not correlate closely either with
or with the obliquity at impact, e rough estimate of the
“turning ‘effect of such impacts was obtained. Testing a typical
proof plate both with and without a shielding plate of thin .
in furnished & mesns of directly determining in a specific
& the 1ncrsaae of protection due to the turning effect mantloned

. Qf the Duralumin gratings tested, only one was tested as

¥ "tself of stopping projectiles. Other gratings tried were

¥ mounted gt 30° obliguity with a 1/4" STS armor plate 6 to 9
behind. Efficiency of ths grating was judged by the penetrating.
of the projectlles a8 they struck the STS armor plate.

S ﬁéasuremants of yaw were taken with two 1/32" bakelite

s placed 2 inchés apart. The difference in the yaw indication
y cards varied from 0° to 1°. Therefore the change of yaw

i end by turning of the bullet during pessage through a yaw
g 10 or less in 2 Inches., In the mctual firing for the ¢ffect
apon penetration only one yaw cerd was used. This card was

ed about 2" in front of the test plate. Since the yaw could be

from the card with an accuracy of 1/2° and a meximum change of
'gr&e af yaw oecurred betwsen the cord snd the plate, the




act might occasionally be in error by 1-1/2°
ot in error by more than 0.7°. BSome difficulty
by fragments projected through the yaw cards
to remove part of the outline punched by the bullet.
: of ‘the record removed frequently did not prevent
ment and the poseible error due to changing amplitude of
5gar waw card - test plete sepsrations, was considercd more
than the infrequant destruction of the yaw record by a chence

_.1@; 4 large mumber of Aberdeen chronograph records were made
_ with thiree chronograph screens 2 fest, 18 feet, and 34 feet in front
- . of the test plate. The velocity from the first time interval averaged
40 feet per sccond higher then the veloeity from the second time

intervel with considerable varistion. Differences in velocity readings .
were observed as high as 100 feet per second end as low as 10 feet per
second, with a mean deviation from 40 feet per second + 15 feet per second.
The velocity at impact was deduced by subtracting 20 feet per second
from the velocity indicated by the time interval between the second
and third screens. The average error in the calculated velocity at
impact is believed to have been about + 15 feet per second end the
largesat srror about + 30 feet per second.

(I 17, A proncunced yaw effect upon penetration is clearly evident .
in all of the yaw-velocity diagrams, Plates 2 to 1l4. Irregularities
nay be noticed in the case of impects ageinst the 440 Brinell homogeneous
Disston armor. These irregularitlies consist in impacts at similar values
of yaw such that the lower velocity penetrated while the higher velocity
did not. Variations of similar megnitude occurred in the Aberdeen
Proving Grounds tests, reference (&), and may be seen on Plate 13.
On the other hend, no results against softer plate materials were obtained
which are not consistent with & regulsr increase in limit velocity with -
increasing yaw. The irregular variations in the effect of yaw upon
penetration observed in the case of very hard plate are not explaineble
in terms of errors in measurement of yaw and of velocity. Although
breakege of the dart occurred at moderate amounts of yaw even for impacts
againgt 0.7" Durslumin, in general the very hard plates broke the dart
at all angles of yaw and the fracture resulted in smaller fragments than
was the case for impacts against plates of lower Brinell numbers,
Possibly the inconsistent yaw effects found are the result of fracture
of the dart sterting, in the case of very hard plates, at an ecrlier
time in the penetration cycle, thus increasing the effect upen penetration
of any differences in strength of ‘Mindividual darts.

18. Some of the data gathered to 1llustrate the effect of shooting
through thin Duralumin sheets were obteined before a satisfactory material
for registering yaw had been discovered. Caliber 30 A.P. bullets were -
fired at 100 yerds through 0.045% 24 ST Durslumin sheet orilented at 09,
45°, 60°, and 73° obliquities. Yaw was meagured by cards of different
matoerials placed about 12 inches behind the penetrations in the Duralunin,
Considersble variation in amounts of yaw produced was found probably dus
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to variation in conditions of yaw at impact. For instance, at 60°
obliguity, bullet velocity 2300 to 2400 feet per second, 4, 6, 6, 8
and 14 degrees of yew were measured for five successive penstrations.
In general, the amounts of turning of the bullets were greater for
greater obliquities, The average ysw produced at 60° obliguity was
approximately 7° at 12 inches behind the Duralumin.

19. A 0.26" fage-hardened Diebold armor plate was selected which
had & 1imit at normel incidence of 2000 feet per second by previous
determinations. This limit wes again measured with a 0.048" 24 3T
Duralumin sheet inclined at 60° obliquity, 8 inches and 23 inches in
front of the Diebold plate, The impacts are plotted on Plate 14. The
slopes of the yaw-limit velocity lines for the "no Dural shield" test and
for the "Dural shield at 23 inches" test are believed to be correct
within 30 per cent. The corresponding slope for the "Dural shield at
8 inches" teat is arbltrarily mede similar to that of the neighboring
curves. Much more data of this type are needed in order to accurately
fix the slopes or to show the amount of indefiniteness of the yaw-limit
velocity lines. Some indefiniteness might be expected from variation
in the amplitwde of yaw introduced by penetration of the Duralumin.

20, All of the gratings tested were constructed with round holes
evenly speced in hexagonal symmetry. The ratio of the weight thickness,

el, of such 3 greting to its asctual thickness, e, is given by the
expression:

elfe = 1 - 0.907 / (1 + w/d)*

where w 1is the web and d is the diameter of the holes. The equivelent

steel thicknens, e, is 0.357, el for & Duralumin grating. Results
obtained from tests of gratings are tabulated in terms of the shape

constents e, w, d,-el, and el} on Plate 15.

2. The velocity limits stated on Plete 15 are those for which

the chences of an impact causing part of the bullet or of the plate

to be projected to the resr of the plate, are believed to be less

than one in ten. Structures whose protection efficiency depends upon

uncontrolled amounts of turning of the bullets give more protection

against velocities above the lowest penetrating velocity than do

ordinery flat armor plates.. This sdditional protection might be
.. represented by determining s second velocity limit at which 50 per cent
. of the impacts had more effect than the lowest penetrating velocity.
o Such a 50 per cent psnetration limit has not been determined for the
0 testa in this report, slthough its usefulpess might justify the

. necessary additional impacts.

St 2R The darts of the caliber 30 bullets used generally broke
7 during impset. Since dart breakage is involved in the effect of
. . upon penetration in an unknown menner, no estimates of the limit
2ities for non-bresking projectiles could be made.

N N T T R




23. An efficiency number KXg defined in reference (d) was

caleulated and the results tabulated on Plate 15. For combinations of
two plates not paraliel, the obliquity, €, was taken to be the
orientation of the second plate with respect to the trsjectory of the
projectile. The thickness of the first plate was resolved into an
equivalent weight thickness perallel to the second plate in computing
total weight thickness, ey, for the calculation of Ko . The formulas

uzed are:

K - (57,000/F)%

F12= i‘?-; ¥2 Cos® © (a/e;)

[

where (m/d3) is the mass divided by the dirmetor cubed of the dart in
pounds per cubic foot, V is the limit wvulocity in fect per second,
Ko 1s the ratio of the weight of an armor structure to the weight of

STS which gives equal protectiom at the same oblijuity. For simplicity
F(e/d, €) is taken tc have the constant value, 57,000, for STS armor.

2. Teats 1 and 2 dispose of the feasibility of using & grating
to stop completely a projectile. Tests 3, 5, &, 7, &, and 1l are
designed to resewmble possible impact conditlons in which a light
grating ic used to tumble and deform the projectile. Test 4 demonstrotes
the efficiency of a flat Duralumin plate for tumbling the projectile.
Tests 9 and 10 are divided arpor arrsngeaents. The first plate is in
one case r grating and in the other case o oolid plate of ejuivelent
weight. The esfficiency numbers coul:sl have been made oetter by using
azecond plates of hard bullet-proof srmor rather than of 3T5. However,
for purposes of comparison, & largce supply of rather uniform material
wes needed and was avoilable only in the sof't tyre wrmor platoe.

CONCLUSIONS
25. Tests of several thiclmeuses of OT8 armor plate g af

+

Dursiumin plates chow thet limit verocitics incresse cbout Pive timeo
as fast with angle of yaw of the buwliet ac with angls of Suiigquity of
the armor plate. Unlike 3T¢ plate for which the merit cocflicient
remains about constant, hard bullet-proot viaots shows s considerntie
merit coefficient incresss with angls of orliguity, bub ‘he prroentops
change in linit welocity with yuw 1o nu groater thar *hot Por JTO phﬁtv.
Thus limit velocities for hard armor plate noresse with cnple ol yow
about once to twice as fast »e with cngle of obllauity.

2€. Samples of 17 3T Turalumin, L10 armor, o
armor had comparable yaw eftfects upern eaectration,
1 S AL

armor hardened to Brinell 370 showed the larpeo t
limit welorcity with anple of yaw, J05 per monce The
hardened STS armor was alos Pound to be cdecrtinnal noprevioads
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23 An e'~4c1ency numbpr Ko d+11ncd in reference (d) was

celculated and the results tabulated on Plate 15. For combinations of
two. plates nat parallel,’ the obliquity, ©, was taken tobe the _ £
“orientation of the gecond plate with respect to the trejectory of the '
projectile. The: thickness of the first plate wds resolved into an
eqyivalent ‘weight thickness parallel to the second plate in computing.
total welght thlcYnebs, el, for the calculation of Ke The formulas

ST

u%ed arey =T ! ! g i : T

‘ ..
. o = (57,ooo/F1)2 ’
1. B A F12 - d3 V< Coq e (d/el) = | ‘-‘:5'5#':“?‘.‘ . '

ahere (m/d3) is the muss dixided by the dluncter cubco of the dart in
pounds per- cubic foot,- V i3 thé limit vclocity in feet pcr .second,
Ko .1s the ratio of thc weight of an-armor structurc to thc weight of

SL% which giveg equal protection at the same obliquity.. For 51mp11c1ty'
F(e/d €) ts taken tc have the constant value, 57, 000, for STS 4r'mor .

2 Tests 1 und dlopo=e of the feas *blllty OA'us1ng'a g‘utlng '

to stop- complctelv & projectile] ~Tests.3, 5,.-6; 7, 8, and 11 are
designed. to resel:ble possible impact conditions in whlch a light

grdtlng i3 used to tumble and deferm the projectile. Test 4 demonstrdpus .

the ?ﬁAlclpncy of a flat Duralumir plute for tumbling the prOJectlle
Tests 9 and 10 are leldcﬂ armor arrangements. The first plate ds in
one case & grating and in thelo»her case a solid plate of  equivalent
weight., The efficiency numbers could have been ‘made better by using
sccond plates of hard bullet- -proof armor rather ‘than of STS. However,
—¥ovr "urﬁouco of comparison, ¢ large supply c<f. rather uniform material
w:3 needed and was availuable only 1n the uoff type armor ‘plate.
& . 3 4
§Q§§LU51Q3§ ‘ i i T .
%5. Tests of several thicknessel of STS armor plate und of”
Duralimin plates chow thet<limit velocities -increase about five tires
as fast with angle of jaw of the bullet as with angle of obliquity of =~
the ‘armor plute Unlike:STS plate for which the merit coefficient’
remains about constant, hard bullet-proof plate shows a-cenmsiderablec -
merit coefficient ancreasé‘nlth/ angle of oobliquity, but the percentage
change in Tirit VL1001t _with yaw is no greater than that for STS plate.
Thus limit velocities for hard armop:platel increase with angle oi yaw
about once to twice as fast as with angle of bbllqulty

~ 26 Samples of 17 ST Duraluiin, STS armor, &nd hard homog(neoJ"
qpmor had comparable yaw effects upon penetration. “One sample of STS
armor hardened to Brinell 370 showed the largest rate of increase of'
1limit, velocity with angle of yaw,.2.3 ‘per €unt. The buvavior of
hardéhed STS armor was also found to be cxccpthhal in preﬁloud ttotQ

~ . o # an i !
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wherein the merit coefficient for this material showed the largest reasured
rate of increase with angle of obliguity.

27. Rather meager data indicate yaw has & much smaller effect upnn
penetration in the case of face-hardened armor than wag found {for the
other materiels investigated. There is alse some evidence in the datn
that limit velocities increase more rapidly with yew at large cngles
of yaw than st small angles of yaw.

28. A few impacts against 1/8" STS armor and 1/8" Disston ureor
did not appesr to break the dart for angles of yaw of 2 and less.
The dart was recovered intact in the case of cne partial penetration
of 1/2" Disston armor et nearly zero yaw. Generally, however, evidence
of breakage of the dart was found and this phenomencn of buliet frsoture
probably restricts the interprctation of rcsults of these yaw studies
more than any feature. The extcnaicn of these results to larger
obliquities and other bullets is complicated by the uncertain extent
to which the yaw effects measured depend upon dart breukage.

29. Since several degrees of yaw at impact are not uncommon
aven when using a Mann barrel at 10C yards, the date in this report
are of significance with respect to accurazte plate testing. Irom
these deta one may caleunlate that at a velocity of 2000 feet per second
or more, a plate limit besed upon a portial penetration with 3° yaw
may be in error by 45 to 90 feet per second, due to the effect of yaw
upen penetrution., Some experimentul date of interest with respect
to this are shown on Plate 13, where datz from tests of Aberdecn
Proving Ground are plotted. Leas than 3° yaw is not moasurable on
some types of yaw cards aznd ihe datu on Plate 13 show no yaw measurements
of one or two degrees., Presumably, the seven impacts listed as having
zero yaw had amounts of ynw renging from zero to nearly three degrees.
The velocity difference between the lowest penetrating velocity and
the highest non-penetrating velocity among the seven "zero' yaw
impacts was 50 feet per second. The scatter of results due to bullet
fracture is probably very small at normal incidence and 2ero yaw.

30. Measurements on 1/8" to 1/2" thicknesses showed the F
coefficients increacing from 52,000 to 56,000. This result might mean
the previously found constancy of F coefficients for STS armor was
due to some grester average yaw affecting tests at low velocities.
However, all of the thin plates of STS armor tested ot the Naval Research
Laboratory have been obtained by splitting ond grinding from old
Carnegie plates of 3/4" to 1-1/4" thickness, obtained from the Nevel
Proving Grounds. It is possible that the plute chosen for manufacture
of the 1/8" and 1/4% thicknesses was of poor ballistic quelity
compaered with the plate from which the 1/2% semple wus obtained.

31, Data gathered to illustrate the effect upon bullets of
pessage through thin sheets of Duralumin of thicknesses comparable to
those used on aircralt, are not as yet definite in a quantitative
sense. Considerable yaw produced by passage through 0.048" 24 ST
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Duralumin at 60° can be measured st several feet behind the impact. The
data plotted on Plate 14 show a direct measurement of the effect of

& thin shielding plate of Duralumin upon limit velocity of a Diebold
face-hardened armor plate. The slopes of the yaw-limit velocity lines
are not well determined by the data. One might expect the effect of
initial yaw of the bullet at impact would be masked by the additional
yaw introduced by the Duralumin. In such an event the yaw-limit
velocity line would be a poorly detcrmined line perpendicular to the
velocity axis. On Flate 14, the date, slthough very scattered, seenm
better represented by nearly parallel lines showing about 0.6 per cent
rate of increase of limit velocity with angle of yaw. The turning
effect of the Durelumin upon the bullets shows up in the increasing
1imit with increasing separation of the plates and in the greater F
coefficient obtained at the 23-inch separation. This F coefficient
was computed including the weight of the Duralumin. When the weight

of the Duralumin is omitted, the Diebolt plate appears to have an F
coefficient of 80,000 for normal impacts with zero yaw. Thus the
necessary weight of armor computed neglecting the effect of passage
through a Durelumin fuselage covering 0.048% thick might be 20 per cent

too high.

32. For the Duralumin gratings tested, effects of the initiel
yaw of the bullet were completely masked up to about 10 degrees of yaw.
All of the gratings pariielly stripped the jackeis of the caliber 30 A.P.
bullets and introduced large smounts of turning. During tests of
Item 3, Plate 15, it was noticed that the tullet wns turned more by
gtriking an old perforation than by passage through unused pertions of
the grating. This suggested use of gratings with larger holes which
were indeed found to be more effective.

33. The results shown on Plate 15 are affected by the ballistic
quality of the backing plate used and should be evaluated in terms of
the ballistic properties of the backing plates. The 0.27" STS backing
plate had a penetration coefficlent of 52,000. The penetration
coefficients of the .253" and .26" backing plates have yet to be
measured and cannot be given in this report. The most effective
Duralumin gratings tested had ratios of hole dismeter and plate thick-
ness of frem .8 to 1.0 and web thickness greater than 0.1". Although
the date show the effectiveness of gratings to be very much influenced
by design, the efficiencies measured were in no ecase greater than that
of a solid Duralumin plate, Item 4, Plate 15, tested under ihe same
conditions. Further tests of gratings are plenned in which optimum
design features will be sought and Duralumin of higher physical

properties used.

SUMMARY

34. Three investigations directly related to light armor lor
aircraft were described in this report: the effect of yaw upon
penetration, the effect upon bullets of penetrating very thin Duralumin
sheets, and the use of shielding structures in the form of gratings.
Data illustrating these topics are still in the process of collection.
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Methods of these inveasiigations are, however, described snd preliminsry
rezults of interest acu shown,

35. An effect of yaw upon penetration of about 1.4 per cent
timit velocity Increase per degree yaw was found for samples of 17 ST
Duralumin, STS armor plate and hard homogencous armor. The largest yaw
effect was measured using a plote of STS armor hardened to Brinell 370.
The smallest measured yaw effect wus obtuined on a sample of 1/4" face-
hardenad armor. It is shown thot spparent differences in plate quality
or bullet quality of 50 feet per second 1n platc testing may be due to
several degrees of yawn of the bullets at impact.

36. If armor is spaced back inuside the fuselage of an aircraft,
sullets may tumble before striking the armor, due to penetrating e
Duralumin sheet at large obliquity. The effect of a shielding Duralumin
sheet =t 60 degrees obliquity and 23 inches separation on the limit
of a typlcal bullet-proof plate at normel incidence is shown to be
more than 200 fzet per second. There is a gain in weight efficiency
aven when the resolved weight of the Duralumin is included with that of
the armor plate.

37. The «fficiency of a light grating used as the first plate
of n dividcd armor structure depends coasiderubly upon design. Certain
design improvements hove been ascertained. On account of the very
large effectiveneas of solid shielding pleutes, it is still uncertain
whether gretings or solid plates ave better :s first members of «
divided armor structure.

TN ARDITT
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